Unstructured grids can represent the complex geometry of the ocean basin with high fidelity. The lack of development tools supporting irregular grid problems discourages the use of such grids on parallel architectures. The state of the art ocean models are based on logically rectangular grids which makes it difficult to fit the complex ocean boundaries. In this paper,we demonstrate the use of unstructured triangular grids for solving a barotropic ocean model in spherical geometry with realistic continental boundaries. The model is based on the shallow water equations with a Coriolis force. A realistic wind forcing and a simple bottom friction term are also included. The numerical method is a cell based upwind finite volume scheme with explicit time stepping. From a parallelization point of view, that means there is only a nearest neighbour communication. A heuristic domain partitioning method was employed to distribute the load among processors. The resulting decomposition resembles 2D grid topology with some long distance communication paths. The model was implemented using the PVM message passing library and tested on a cluster of workstations and on an IBM SP2.
Introduction
Oceans play an essential role in shaping long term weather patterns. That is because the heat capacity of the ocean is much larger than the atmosphere's heat capacity. The pole-ward heat transport by tile ocean currents, for example, makes the climate of the Northern Europe milder than it would be without this extra source of heat. The understanding of ocean physics is an important factor in predicting climate changes. The range of scales that need to be modelled for a realistic simulation has been beyond the capacity of the fastest supercomputers. The recent developments in computer technology made it possible to develop numerical ocean models that give a qualitative description of ocean
There is a need for faster computers and more sophisticated numerical models for quantitative predictions. For a review of the recent developments see [10] [7] .
In this study, a numerical ocean circulation model has been developed to run on parallel computers. This is a two dimensional wind driven ocean model using unstructured triangulated grids. The use of this type of grid makes it possible to describe the complicated geometry of the ocean boundaries efficiently, and opens the possibility of local refinement in a very flexible way. The model includes a free moving surface, the Coriolis force and a bottom friction term. For a realistic simulation also salt and heat transport need to be added, which requires a full three dimensional model. As far as parallelization is concerned, the depth averaged two dimensional wind driven circulation is the most challenging part of a numerical ocean model. After getting good performance on this two dimensional version it is expected to be easier to have a three dimensional model on a parallel computer.
Barotropic Ocean Model
The geometry of the ocean basin, which is thousands of kilometers wide and a few kilometers deep, calls for a simplification of the equations of the fluid dynamics. In the vertical direction gravity and in the horizontal direction the Coriolis force dictates the flow characteristics. With these observations in mind, it is possible to obtain a simplified set of equations that can model the wind driven barotropic component of the ocean circulation [2] .
The shallow water equations in vector notation are
where U is the velocity vector, h = gH, H is the height, g is the gravitationM acceleration), I is the identity matrix, f is the Coriolis vector (normal to surface and with a magnitude changing with latitude) , % is the bottom friction and Tw represents the wind forcing. These equations express the conservation of mass and momentum in the horizontal direction and can be derived from the Navier-Stokes equations. They can be a building block for a more complete three dimensional ocean model such as MICOM [1] . Since the molecular diffusion is far too small to be resolved on any reasonable grid, its effects need to be modelled. The simplest approach is to add surface friction terms as in the momentum equation above. A more realistic model would also include a turbulent diffusion term. This model has two slightly different interpretations. First, it can represent a flat bottomed ocean with a free moving upper surface. Second, it can represent a single layer on top of a motionless abyss with a slightly different density. The interface between the layer and the abyss is free to move. The gravitational acceleration is scaled with a dimensionless density difference, h = ApgH/p. This is called a reduced gravity 1½ layer model.
